Abstract: Pododermatitis is a worldwide problem in captive flaamingos. We performed an evaluation of different influence factors (age, sex, weight, origin, breeding status) and a comparison of foot lesions between several zoological institutions and the feet of free-ranging Greater flamingos (Phoenicopterus roseus). A scoring system was used to determine the prevalence and types of lesions and severity. Cracks and nodules developed as early as 3 months of age and papillomatous growths as early as 6 to 7 months of age in captivity. Nodules with ulceration occurred significantly more often in birds older than 31 years and heavier than 4 kg. The comparison of different institutions revealed that birds kept in enclosures with natural-floored water ponds had significantly less severe lesions than birds kept in concrete water ponds. None of the freeranging flamingos, which live on a muddy underground, showed any lesion. This study demonstrates that flooring, weight and age are important in the onset and progression of pododermatitis in flamingos. Centre de recherche pour la conservation des zones humides méditerranéennes, le Sambuc,
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Introduction
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The family Phoenicopteridae consists of six different species. The largest species is the Greater flamingo (Phoenicopterus roseus), weighing approximately 3.4 kg (Johnson und Cézilly, 2007) .
Flamingos are among the longest-living birds indicated by five 59-years old captive Greater flamingos still kept in Zoo Basel to date.
Pododermatitis was the most prevalent finding diagnosed in captive flamingos sent to the (Nielsen et al., 2010) . Foot problems also occur frequently in raptors, cockatiels and penguins (Reidarson et al., 1999 , Harcourt-Brown, 2008 ) but rarely in free-ranging birds (Herman et al., 1962 , Gentz, 1996 , Kummrov et al., 2010 . In raptors, the classic bumblefoot 65 lesion is a nodule with a central ulceration, mostly on the base of the foot (Kummrov et al., 2010) . In flamingos, this is only one of the four distinguished lesions that include hyperkeratosis, cracks, nodules and papillomatous growths (Nielsen et al., 2010) .
Flamingos living north of the 53 rd degree of latitude, in colder regions and kept mostly indoors have a special risk to develop pododermatitis (Nielsen et al., 2012 Fangassier breeding site (43°25'N, 4°38'E). Additionally, the feet of 10 adult free-ranging
Greater flamingos from the Camargue, which were found dead, were examined.
Exhibits
The study, the classification of hyperkeratosis was not used because there was no age-matched control of a normal foot, and because Nielsen et al. (2010) found that the prevalence of hyperkeratotic lesions is about 100%. The prevalence (at least one lesion of one type on one of the feet) was determined for all lesions. The total of locations affected by one subtype was also calculated and analyzed, but because these results did not differ from those obtained using the Table 3 .
Concerning the origin of the birds, the place of hatching was considered. Birds whose origin was not documented were excluded. All birds that bred successfully (chick hatched) were classified as "Successful". The "Not Successful" (n = 32) group was composed of flamingos which had an egg, but did not brood for more than 14 days, and no chick hatched. The group
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"No Breeding" (n = 24) was composed of birds that did not show any breeding activity. The young, not yet sexually mature (less than three years old) birds were excluded from the evaluation of this factor.
Statistical analyses
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The effects of factor variables such as zoos, age groups, sex, weight groups, origin and breeding status on severity scores and on the total of affected locations by one subtype were assessed 
Results
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Comparison of different institutions and free-ranging flamingos All types of previously described lesions (hyperkeratosis, cracks, nodules, papillomatous growths) were observed in zoo flamingos, although hyperkeratosis was not scored. The severity differed significantly among zoos (p < 0.001), being the lowest at Zoo Zurich (0.6 ± 0.6),
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followed by Tierpark Dählhölzli (1.0 ± 0.9) and Parc des Oiseaux (2.1 ± 1.2) and the highest at Zoo Basel (2.9 ±1.2). Prevalence estimates for most of the outcomes were highest in Zoo Basel, 
Potential influence factors (Table 3)
Birds older than 31 years showed an increased prevalence of nodules with ulceration (NLs 175 score 2) compared to the other age groups (p = 0.009). Birds younger than 1 year suffered significantly less (p < 0.001) from papillomatous growths (PGs score 1 and 2) than all other age groups. Males suffered significantly more often from nodules without and with ulcerations than females (p = 0.012 for NLs score 1 and 2 and p= 0.001 for NLs score 2). Nodules with ulceration (NLs 2) were also significantly more prevalent (p < 0.001) in birds weighing more 180 than 4 kg compared to birds weighing less than 4 kg. In general, the comparison between birds that did or did not breed successfully or did not breed at all revealed no significant differences.
Concerning the bird's origin, significantly less deep cracks (CRs score 2) were noted for wild- Individual captive flamingos already had cracks and nodules without ulceration at the age of 2.5 210 months. At the age of about 6 months, 100% of the birds had already developed cracks (CRs 1+
2), and 86% suffered from nodules (NLs 1 + 2). Papillomatous growths (PGs 1 + 2) were found latest in the course of the disease. Only 2 out of 21 juveniles had developed papillomatous growths at the age of 6 months. We therefore hypothesize that papillomatous growths start to develop at about 6 months whereas cracks and nodules already develop earlier.
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A healthy development in juvenile flamingos appears important to prevent or at least limit the development of foot lesions later: Originally wild-caught birds had the lowest severity, and especially cracks were significantly lower in this group. In contrast, wild-born falcons living in captivity are significantly more prone to develop bumble foot than their captive-bred counterparts (Müller et al., 2000) . In growing turkeys, even a short time frame on a suboptimal Increased weight and suboptimal perching surfaces are factors in the development of bumblefoot in captive raptors (Kummrov et al., 2010) and penguins (Reidarson et al., 1999) .
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Nodules with ulceration (NLs score 2) are the most similar to the classic bumblefoot lesions. It is therefore not surprising that heavy animals suffer significantly more from this type of lesion than those weighing less. Taken into account that wild Greater flamingos weigh approximately 3.4 kg, dietary measures for zoo flamingos may be considered. In our study, old birds had a higher prevalence of nodules with ulceration (NLs score 2) than younger birds; it can be 245 suggested that this is an accumulation of the factors described above, standing on rough flooring for a long time. In contrast to a study conducted in a British facility where flamingos producing fertile eggs had the highest mean bumblefoot scores (Taylor, 2003) , no differences were seen between any of the breeding status groups in our study. 
